Abstract
Introduction
Feature extraction of a gray-tone image for fast and robust characterization is a challenging task. Compact image features are always needed for an efficient management of image database, search and retrieval. Defining a good numerical characterization of an image is a fundamental problem in image processing. Further, the characteristic parameters of the image should preferably remain invariant in the presence of various perturbations or transformations, such as translation, rotation, scaling, rubber-sheet shearing, inclusion of noise, compression, etc. Earlier approaches to image characterization include, i) spatial features like amplitude and histogram descriptors; ii) transform features like Fourier descriptor, DCT, iii) shape based features like boundaries , regions, area, Euler number, center of mass, moments, eccentricity, etc., iv) syntactic features based on This work is funded by a grant from Intel Corp., USA (PO #CAC042717000); US Patent pending, Nov. 2000.
y Author for correspondence structural peculiarities, v) statistical and structural texture features [1, 8, 9, 10] . Determination of a compact set of parameters for a gray-tone image which is easy to compute, suitable for efficient database search, and admits robustness against transformations, is now highly needed in the emerging domain of the Internet technology.
In this work, we define a new parameter called Euler vector of a gray-tone image. For a binary image, Euler number (genus) is a well-known geometric feature, which is defined as the difference between the number of connected components (objects) and the number of holes [2, 3, 4, 5, 12, 13] .
Euler number is extensively used in optical character recognition, medical diagnosis, skin detection, and in many other applications. Efficient techniques of computing Euler number of a binary image are also well known [2, 4, 14, 15] . However, to the best of our knowledge, nothing is known in the literature on the use of Euler number or similar characterization of a gray-tone image. In an attempt to generalize the concept for a gray-tone image, we consider gray code representation of the intensity values in the pixel matrix, and observe the first 4 most significant bit planes. Each bit plane consists of only 0's and 1's, and hence forms a binary (two-tone) image. We compute Euler number of the partial image formed by each of the 4 bit planes to obtain a 4-tuple of integers, called Euler vector of the original gray-tone image. Bit planes based on gray codes were also used earlier for other bio-medical applications [7] . We give experimental results on a 31-image database. The Euler vector of a image is found to remain near invariant under inclusion of salt and pepper or gaussian noise followed by filtering, and also under JPEG compression. It has a strong discriminatory power and can thus be used to augment other features to facilitate image searching and retrieval.
Combinatorial Feature of Gray Images

Bit-planes
We assume that a gray-tone image be represented as an 
Euler vector
To characterize a gray-tone image, we now define a 4-tuple called Euler vector. We retain the first 4 most sig- Figure 1 , the Euler vector is found to be f79 ;13 ;391 ;16 24g.
Gray code representation of intensity values offers a distinct advantage over standard binary representation in this particular context. Euler vector is found to be more insensitive to noise and other changes, if the gray code is used. This happens because two consecutive numbers have unit hamming distance in gray-code representation, and for most of the cases, a small change in intensity values is not likely to affect all the 4 bit planes simultaneously in gray code representation. Euler vector serves as a fundamental topological feature of a gray-tone image. Like Euler number of a binary image, it remains invariant under translation, rotation, scaling, and rubber-sheet transformation of the image. Since Euler number depends on the combinatorial properties of 0 ; 1 runs in the binary pixel matrix [12, 13] and is easily computable [14, 15] , Euler vector of a gray-tone image also provides a quick combinatorial signature.
Implementation details
Noise can corrupt the image changing intensity levels and affect the bit-planes. To make the Euler vector more robust, the given image is cleaned successively by median and mean filters. Other sophisticated filters may also be used. Further, we rescale the dynamic range of intensity levels of the image. Visually similar images may differ in their dynamic ranges resulting in different bit-plane representations. To circumvent the problem, the images are rescaled such that their intensity level dynamic range is mapped to [0, 255] . We next describe the proposed algorithm. Euler vector = f79, -13, -391, -1624g
Algorithm
Method Input: A pixel matrix for a gray-tone image I . Output: Euler vector.
Compute Euler Vector
Step 1: Apply median filtering followed by mean filtering on I ;
Step 2: Linearly rescale the dynamic range of the image to [0-255];
Step 3: Consider the first 4 most significant binary bit planes of I ;
Step 4: Convert each 4-bit vector to its corresponding reflected gray code;
Step 5: For each bit plane, compute Euler number;
Step 6: Output the Euler Vector;
Results
We have coded our algorithm in C and run on Ultra -10 Sun Workstation. A database consisting of several graytone images is considered. Few samples are shown in Figure 2 . For each of these images, we computed the Euler vector after cleaning them by median and mean filters. The effects of adding salt and pepper or gaussian noise, and JPEG compression have been studied. Results are shown in Table  - 
Each image is of size (480 640). For each image, the
Euler vector fE 7 E 6 E 5 E 4 g is shown, the top one corresponds to E 7 . Results shown in the Table 1 for images shown in Figure 2 were obtained after filtering the images successively by median and mean filter each of size (3 3). 
Conclusions
We have introduced a new combinatorial parameter for gray-tone images called Euler vector. It derives its definition from the concept of Euler number of a binary image. Euler vector retains the topological properties of Euler number and serves as a numerical signature of a gray-tone image. Results show that Euler vector is also robust against noise effects and compression. 
